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NEUTRINO PRol’ON SCATTERING AND THE ISOSINGLET TERM

D. HYWE1. WHITE
Los Alamos National Luborwory
Los Alamos, NM 8754S, USA

ABSTRACI’

Elastic nculrino proton saucring is sensitive to UK SU(3)axialismnglct term which
is in mm dcperdcrrt on the smmgcrress content of tie proton, The unccruintrcs m IJW
ardysis of a nculrino proton elastic scwering experiment are discussd. and an
experiment which is insensitive to many of dre difficulties of th.?previous experiment is
(.kXcritd.

1. Introduction

The cross section for semi Ieptonic exclusive channels is conventionally writ[en in
the form

= G: M2 COS2(3
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(1)

T = Q2/4mp2 W=zmp% - Q2

The differencebetweenparticularchannels is expressed by coupling constimts
relotecl to the appropriate hmironic charge. The vector churgcd couplings tire Proportioniil
to the clectriad charge of the hudron ond Ihe nnomulous mugnetic motncnt. Ilerc is i~lso il

SU(3) symmetric vector coupling which does not appeu.r in electron sctmering becuuse in
the tipproximution thtit only u, d unds qu’urks arc involved, k sum of d~echurgcs is zcru
and hence no tern] q.qxtws in photon rncdititcd processes. Axial current terms iippeu in
purity violating electron scattering as WCIIos in rwutrino induced processes, In ttible I is
Iistcd the tippropriotc chqcs cm the proton for ~hiir~c(,l iuI(J ncIItriil current s’;iitterit]~,



vu AXMI Vector“i

Isotriplet I -2 sin20w -1

Isosinglet SU(3) octet 1/43 (1 -2 sin20w) - 1/43

]sosinglet SU(3) singlet - In 1/2

Neutrino protonelastic scattering is an exam c of a neutral cument process
?!involving hadrons. Analysis of these data at finite Q depend on form factors describing

both vector and axial vector hulronic cumcnts. The vector form factors (para.nmerized by
Mv in a di@e fit) arc then from elecuon semtering assuming CVC (the conserved vector
current hypothesis). Tttc axial current parameters arc GA(0), MA. GA is most precisely
derived from neuuon decay, and MA from quasi elastic scattering as will be discussed
below. Using the weak charges in table I it follows that the axial coupling to the proton is

GNW = -G03 /2 - G*l /43 + Go, /2

Goj is 1,26 fro m neuuon decay, and G* I is 0,162 * 0,008 from hypcron decay.

2. Data and Fit

The beam of neutrinos that was used originated fmm me Brookhavcn AGS, imd
ha~ been described in Ref. 1. Bolh neutrinos and tmtineurnrms arc svailuble with energies
that peak a little above 1 GcV. lle contamination of wrong sign felicities in each beam is
small and is discussed below. The barns arc dominated by muon neutrinos wi[h a
contamination of eleetron ncuuinos d~atwas typically 1%. These beams have hen
understood both by measuring quasi elastic seattenng md by extensive simulation.
Uncertainties in the beam flux conrnbute a small systeni~tic error.

TIN dmctor was a fully active dctecto~2) consisting mainly of liquid scintillwor
cells as a target medium and totai abscwptioncalorimeter. Particle directions were
determined using R proportional driftsystem interleaved octwecn the liquid Scilltillator cells,
In addition the deposited energy in each CCIIwas rceotdcd allowing particles to be identified
by dWdx. At the rcm of the detector was a char@ panicle spcctrormer designed to
measure the muon momenta fkom Ihe qutsi elasnc rcactiorts

‘u
+n+p-+p (2)

i +p+~+~n (3)
These reacdctnswere identified b#excluding other uctiwty in the detector (from inelos[ic
channels for example); fhcse cuts were such as to include uhost dl of the Scwtering events
from nucleons bound in nuclei,

The signature for neuaino proton elastic scuttenng w il.retmediutc energies is ritther
mm.!est. In the cnsc of this detector, ii chtirged purticlc rruck wi~s idcniifted us a proton frml]
he deposited energies in the cells Wmg Ihe truck, The direction of the truck wiIs
reconstructed km the drift Iubc hits, tind the vertex locution from ~helow energy
deposition at the sian of the track. Events in which there were other hits in deteclor
elements in time coincidence wiih the identified truck were removed. This scmed 10



remove inelastic events from pion production for example. Background in single triick
events from particles other than protons was very low. However, recoils from neutron
scattering events could potentially be a problem. These neutron induced events were
removed by two cuts, the first that the events should be in time with the betun spill removed
most of the late events from low energy neutrons, and a fiducial volume selected in the
center of the detector removed the remaining early amiving neutron events. It wasverified
[hat the event sample was almost completely neurnno induced by plotting the arrival time of
the events. The events showed the time structure induced by the RF modukttion of the
proton beam in the accelerato~ this time structure is lost by neutron induced events.

The resrnction to one track without other time coincidct]t activity together with
particle identification served to provide a clean sample of evel]ts. A Monte Carlo simulation
was used to estimate the background and make corrections to the cross section.

The neutrino flux was determined from quasi-elastic events of reactions 2 and 3
with a cut that the outgoing muon have an angle less than 2

$
to the neutrioo direction.

Cross sections for reactions 2 and 3 are well known at low and the principal uncertainty
in deriving the neutrino flux comes from residual background ‘in event selection. The
normalization is made from events in the same data samples.

The cross-section data is plotted in Fig. 1. for both neutrinos and antineutrinos~31
The results of a fit to the data are also shown in the figure. Parameters that enter into the
cross section fits are sin2t3w, hfA, find q, sin28w was set at 0,220 guided by [he results of
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a global fit to all the available data on sin2ew, other parameters are sufficiently well known
so that accepted values for each were used (e.g. Mv, G (0)). A fi[ was also made

Pallowing M and II to vary simultaneously, contours o X2corresponding to [his fit in MA,
$rl space are s own in Fig. 2. It is seen that MA and ~ are strongly correlated which

introduces an extra complication into the interpretuticm of these data. The three termnsin the
expression of the cross section (1 ubove) all are dominated by GA, A a~ C by GA- ~Id B

by GA. Since the fit is dominated by the value of the cross sec[ion a~Q -0.6 GeV/c this
cross section depends on thu vtilue of GA(0) and the slope uguinst Q- given by7MA. We
\hall discuss here the results from a fit to extract rI with MA set at 1.03 GeV/c-, the world
overaqe value. The fit value for q is then 0.12 t 0.07. This is nearly a two standard
deviawm effect, which can be regarded as inchoative of a possible strange contribution but
hardly a substantialmeasurement.

Subsequentto thisanalysisa concernwas pointedout IOusby Gerry Brown(J), lie
pointedout that M wouldbe modifiedby mediumeffectsin thenucleus,in this case 1*C.

fThe value of GA(O M also likely to be renornmlized by a few percent. The effects are likely
[o be smal!, approximately 570, but as cm be seen from Fig. 2 this affects the value of q
considerittbly (O.15). An explicit measurement of MA was made in this experiment by
using antineuttino quasi-elastic stuttering giving M

?
= 1.09 ~ 0.04, however, this mtlysis

used the value of GA(o) from neutrcn decuy imd Mv rom el~;f~on scattering on free
nuclewm. It is not clear short of a complete remdysis how nwdiurn effects would modify
the value of MA given these complications, and since one third of [he nucleons w-e free in
the Brookhaven detector. The choice of the world aver~ge for MA of 1,03 GeV/c2 was
probably wise for antilysis of VPp elastic scattering. Some questions remain, and a
rewudysis is called for because of the sensitivity of q to the value of MA and even GA(0),
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A method has been pro~sed at LAMP@5) to avoid this dependence on M in the
measurement of GA. At low Q <0.1 GeV/c2 the effect of MA is minimized so &at he
cross section measurement is related directly to the value of the form factor at zero Q4
Moreov$r, the values of A~nd C in the expression (1) depend on IGA12 + IF 12 + Q2i4

P
)F1 =(1 -4 sin20w and is verym 2 IF21-, so that at low Q the third te

f?
is negligible.

sr AI1so that the cross section at low is almost directly the quantity of interest. ntimely
the effective GA. In Fig. 3 is shown a schematic of the detector, a 200-ton tank of liquid
scintillator viewed by a a large number of phototubes to detect the recoil proton in the
energy range 20 to 40 MeV. The cross sec “on is shown in Fig. 4 for a few values of the

9
Yincident neu “no energy as a function of Q . The cross section will then be measud as a

function of Q integrated over the incident neutrino spectrum, which is not only well
known but not very important for the cross section determination at zero Q2. A
measurement of GA to a few percent is anticipattxi.
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